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Removal of contaminants from NH3 to low or 
sub-ppb levels is required in order to ensure 
the quality and performance of Compound 
Semiconductor devices. Oxygen, introduced 
into the epi-layer by 0,, CO, CO, and H,O, is 
a p-type dopant. It counteracts the physical 
properties achieved by n-type dopants as 
well as leading to crystal lattice defects. 
Thus, minimizing atomic oxygen in the epi- 
layer is crucial for device performance since 
optical and electrical qualities depend on 
precursor and carrier gas purity. A novel 
technology for hydride gas purification has 
been developed, U.S. patent #6,241,955. 
Contaminants such as 0,, CO, CO,, and H,O 
are removed from the gas stream by a mixed 
metal-oxide material. The purification tech- 
nology employs a reduced-iron ,co-precipi- 
tated with a higher oxidation state man- 
ganese oxide. The material is unaffected by 
the reactive nature of hydride gases and 
removes contaminants to less than I ppb, 
tested in N,. 0, is removed by simple oxida- 
tion and H,O, CO, and CO, by adsorption. 
Ammonia purification: 
performance measure- 
ment by FT-IR 
Measuring the effectiveness 
FT-IR measurements were performed to deter- 
mine the Hz0 removal effectiveness of the 
hydride gas purifier at low and high ppm Hz0 
levels in NH3. Anhydrous NH3 (BOC Gases 
Cylinder) was connected to a manifold. The 
cylinder was previously analyzed by FTIR to con- 
tain less than 200 ppb H20. After purging with 
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UHP N2, a gas standard was used to calibrate the 
FT-IR for H20 measurement in NH3. To test the 
purifier, the FT-IR instrument baseline readings in 
N2 were first reached; NH3 was then flowed 
through bypass for 20 minutes in order to meas- 
ure the Hz0 level in the NH3. Finally, the NH3 
stream was directed through the test purifier, 
AERONEX model SS-35KF-Y-4R. To test the purif- 
er at a higher Hz0 challenge, Hz0 was mixed 
with the NH3 by adding5% wet-N2 by volume. 
To qualify the purifier for film growth, GaN bulk, 
GaN/AlGaN ZDEG and GaN/InGaN quantum well 
epi-structures were grown by Professor Steven 
DenBadrs group at University of California, Santa 
Barbara, using Hz and N2 as carrier gases and 
standard growth conditions for these epi-layers. 
The H2 was purified using a palladium-cell, the 
NL and NH3 were purified using an Aeronex inert 
gas and hydride gas purifier, respectively. The 
epi-structures were evaluated by secondary ion 
mass spectroscopy (SIMS) with respect to resid- 
ual carbon and oxygen impurities. Hall effect 
Figure 1 Results of the fmt purification test. 
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measurement and photoluminescence were also 
used to characterize the electrical and optical 
properties. 
Results 
The limit of H20 detection of the FT-IR test 
setup was determined to be 150 ppb in an NH3 
gas stream based on the signal noise level 
observed. Three purification efficiency tests 
were performed. The first purification efficien- 
cy test was carried out with a H20 challenge 
of 530 ppb in NH3. The H20 level of the gas 
at the outlet of the purifier stabilized below 
150 ppb (Figure 1). The second purifier test 
was accomplished at a challenge of 65 ppm 
H20 in NH3. A tube with a known permeation 
rate for H20 was used to generate the wet 
N2. Prior to testing the purifier, the 
background level of H20 was determined to be 
210 ppb. After the background level was deter- 
mined, the challenge gas was sent to the FT-IR. 
After 20 minutes, the gas was directed through 
the test purifier. The H20 level of the gas from 
the outlet of the test purifier dropped dramati- 
cally and stabilized at 197 ppb, lower than the 
background H20 levels of this test (Figure 2). 
In the final purifier test the system was allowed 
to stabilize over a 48-hour period with a N2 
purge. The challenge to the test purifier was 
4.8 ppm H20 in NH3. The purifier removed 
HZ0 down to less than 150 ppb, the LDL of the 
instrument. 
In GaN epi-layer grown with this purifier tech- 
nology, carbon and oxygen concentrations were 
measured at 2 x 101’ cmi and 5 x 1016 cm3, 
which both correspond to the detection limits of 
the elements by SIMS. In comparison, the oxy- 
gen content in GaN films grown without NH3 
purification was as high as [0] = 1 x 1018 -3 cm 
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mobility data obtained from an AlGaN/GaN 
2DEG structure grown by MOCVD was 9900 
cm2/Vs at 77K with a sheet carrier density of 
1.2e13, which is as good as MBE samples with 
the same sheet carrier density This film would 
yield state-of-the-art AlGaN/GaN HEMTs. Optical 
properties were equally as good and blue 
GaN/InGaN quantum well photoluminescence 
was significantly brighter when using this tech- 
nology to purify NH3 (figure 3). 
Figure 2. Results of the 
second purification test, 
showing a rapid decrease in 
moisture con tent. 
Conclusion 
The reduced iron/manganese oxide hydride gas 
purifier removed H20 from an NH3 gas stream to 
less than 150 ppb when challenged with low 
ppm levels of H20 and removed 65 ppm H20 
from an NH3 stream to less than the background 
H20 in the test manifold. From the MOCVD 
growth studies, it was concluded that a drastic 
reduction in oxygen contamination was achieved 
when purilled NH3 was used in the process. 
Both electrical and optical properties of the GaN 
based epi-structures were significantly improved 
Using this technology for purification, the best when using a purifier 
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Figure 3. Blue GaNllnGaN 
quantum well photolumines- 
cence was much more 
intense when the hydride 
purifier was used. 
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